Unit 3 Lesson IV (3.4)
Energy Changes in Nuclear Reactions

Objective: The student will be able to calculate the amount of
energy generated in a nuclear reaction.

Homework: Mass-Energy Problem Set



The Law of Conservation of Mass-Energy

2 Einstein showed in the early 20" century
the relationship between mass and
energy.

E = mc

The traditional mass and energy conservation laws have been

combined to state that the total quantity of mass energy in the
universe is constant.

This means that knowing the mass of a substance and the
constant "c" we can calulate a certain energy.



Energy Changes in Chemical Reactions

In chemical reactions, we say that there is a conservation in
mass. The truth is that there is a change in mass. Consider
when 1 mol of water breaks up into its atoms:

HZO(g) > 2H(g) " O(g)

The change in mass (as calculated from Einstein's equation) is:
Am = 1.04x10° g/mol and is so small (or negligible) that we
make an assumption that mass is conserved.

A mass change this small cannot even be detected by our most
sophisticated instruments.



Energy Changes in Nuclear Reactions

When dealing with Nuclear Reactions, we are not granted this
same luxury:

238 234 4
-> +
97 U 00 Th 2He
masses (amu): 238.0003 233.9942 4.0015

AE = (Am)c* = (-4.6x10°kg)(2.9979x10°m/s)*

AE = -4.1x10" ]
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Nuclear binding energy: energy liberated when a nucleus
is formed from another nucleus or nuclei or the energy
required to disassemble a nucleus into the same # of free,
unbound neutrons and protons of which it is composed.

An atomic binding energy would be the energy required
to disassemble an atom into free electrons and a nucleus.



Trends in Nuclear Binding Energies
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Example #1

Calculate the mass defect for a mole of hydrogen-2. The
measured mass of 1 mol of H-2 is found to be 2.01355.

mass (p*) =1.00728g
mass (n’) = 1.00867g



Example #2

When Co-60 undergoes beta decay, how much heat is
released?

The mass of Co-60 is 59.9338 amu, the mass of Ni-60 is
59.9308 amu, and the mass of an electron is 0.000548 amu.



